To identify functional domains, we analyzed the evolutionary conservation of targeting signals and binding motifs in the cytoplasmic part of Dll1 (GenBank accession number NM_007865) and its homologues in various vertebrate species. As has been previously described, a consensus X-T/S/Y-X-V/L/I (one letter amino acid code) PDZbinding motif (PSD-95/Dlg/ZO-1) 14 is present at the intracellular C-terminus of Dll1.
4
The evolutionary conserved Delta-Notch cell-cell signal transduction pathway is required for various cell-fate decisions in vertebrates and invertebrates. ADAM metalloprotease and subsequently in its transmembrane domain by a presenilindependent γ-secretase. 8; 9; 10 This regulated processing leads to nuclear translocation of the Notch intracellular part (NIc) involving Su(H)/CBF1 and activation of target genes. 11; 12 Recent findings on the ephrin/Eph pathway, also mediated by membranebound receptors and ligands, revealed that at least in some developmental contexts signaling is bidirectional. 13 In the classical view Notch signaling is unidirectional. It remains open whether the ligand (Delta, Serrate) may mediate intrinsic signaling also into the ligand-expressing cell.
To identify functional domains, we analyzed the evolutionary conservation of targeting signals and binding motifs in the cytoplasmic part of Dll1 (GenBank accession number NM_007865) and its homologues in various vertebrate species. As has been previously described, a consensus X-T/S/Y-X-V/L/I (one letter amino acid code) PDZbinding motif (PSD-95/Dlg/ZO-1) 14 is present at the intracellular C-terminus of Dll1. 15 Furthermore, we identified a signal for nuclear localization (NLS) at amino acids 688-691 (RKRP) of the mouse Dll1 sequence. Both motifs are conserved among Delta homologues from different vertebrate species, suggesting that these domains may be functionally important (Fig. 1) .
In order to isolate proteins binding to the cytoplasmic domain of Dll1 (Dll1cyto),
we used the GAL4-based yeast two-hybrid system MATCHMAKER 3 (Clontech (Fig. 2a) . Synaptic scaffolding molecule (S-SCAM) from rat was the first Acvrinp1 homologue that had been previously identified. 17 It has been reported that S-SCAM assembles various components at synaptic junctions to maintain the structure of synapses. 17 Our analyses of Delta1 mutant embryos demonstrated that Dll1 plays a crucial role during neurogenesis (unpublished results). Therefore, Acvrinp1 was selected for further investigations.
To gather independent evidence for the interaction between Dll1 and Acvrinp1, a direct in vitro assay was performed using an To examine whether Dll1 and Acvrinp1 also have overlapping domains of expression in the organism in which they could potentially interact during embryogenesis, we performed whole mount in situ hybridizations on mouse embryos from day 8.5 to day 12.5 of gestation (E8.5 to E12.5). During this period Dll1 mRNA is expressed in a dynamic pattern, for example, in the paraxial mesoderm, somites, and subsets of cells in the nervous system (Fig. 4d-f ). 4; 18; 19; 20 At E8.5 Acvrinp1 expression was not detectable by in situ hybridization and only weak signals were found in presumptive neural tissue at E9.5 ( Fig. 4o and data not shown) . At later stages,
Acvrinp1 was expressed in a distinct pattern in developing neural tissues, pharyngeal arches, the genitalia, and in parts of the developing facial region (Fig. 4a-c, m) . The
Interaction of Acvrinp1 and Dll1 7 expression of Acvrinp1 in the developing central nervous system is in some areas similar to the expression of Dll1 (Fig. 4d-f ). Cross sections through the neural tube at E11.5 and E12.5 reveal that both Acvrinp1 and Dll1 are expressed in the mantle layer of the dorsal neural tube (Fig. 4g, h, j, k) . The overlapping expression domain includes the region where neural crest cells emerge from the neural tube. Other regions of overlapping expression domains with Dll1 include the vibrissae primordia, where both genes are expressed in the dermal condensations underlying the epidermis (Fig. 4i, l) .
To gain further insight into the relationship of both genes we analyzed Acvrinp1 expression in Dll1 null-mutant embryos. Acvrinp1 expression was found to be upregulated in mutant embryos (Fig. 4m, n) . At E10.5 high transcript levels were detected in regions, which normally express Acvrinp1 at E11.5 in wild-type embryos (compare Fig. 4n with 4a ). Premature Acvrinp1 expression was also found at E9.5 in a region where ventral motorneurons emerge (Fig. 4o, p) . These findings are consistent with our observation of premature formation of neuronal progenitor cells in Dll1 mutant embryos (unpublished results).
The fact that we confirmed the interaction of Acvrinp1 and Dll1 in vitro by pulldown assays and in vivo in a mammalian two-hybrid system strongly supports the specificity of this interaction. In addition, the identification of a PDZ binding motif at the C-terminus of Dll1 is in agreement with an interaction of Dll1 and the PDZ domain containing protein Acvrinp1. Proteins with PDZ domains coordinate the assembly of multiprotein-signaling complexes at specific subcellular sites. 16 The This observation shows that Dll1 is necessary for the proper expression of Acvrinp1.
Further studies on the proposed intrinsic signaling activity of Delta will help to understand the complexity of Delta-Notch signal transduction, Delta function and the interpretation of Delta mutant phenotypes.
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13 were maintained on a mixed 129Sv;C56BL/6J background. Sense and antisense Acvrinp1 (nucleotides 727-3339) and Dll1 18 RNA probes were generated using DIG
